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OBJECTIVES We used myocardial fractional flow reserve (FFRmyo) and coronary flow reserve (CFR) to
estimate cut-off values for assessment of the functional severity of coronary stenosis and
myocardial ischemia, and we tested the usefulness of coronary blood hemodynamic measure-
ments before and after plain old balloon angioplasty (POBA) and coronary artery bypass graft
surgery (CABG).
BACKGROUND Fractional flow reserve and CFR are useful for assessing the functional severity of coronary
artery stenosis, coronary microvascular dysfunction, and myocardial ischemia during cardiac
catheterization in adults. However, there have been no reports on the use of these
measurements in children with Kawasaki disease (KD).
METHODS The study group included 128 patients with 314 coronary branches. The subjects were
classified into three groups: normal coronary group, with 206 branches; abnormal coronary
artery without ischemia group, with 58 branches; and ischemia group, with 50 branches.
RESULTS In each branch, CFR and FFRmyo were significantly lower in the ischemia group than in the
other groups. Cut-off values for assessing the functional severity of coronary stenosis and CFR
were approximately equal to those obtained for adults (CFR: 2.0; FFRmyo: 0.75). We
obtained very high sensitivity and specificity for estimating myocardial ischemia using CFR
and FFRmyo (CFR: 94.0% and 98.5%, respectively; FFRmyo: 95.7% and 99.1%, respectively).
Both CFR and FFRmyo were reliable indicators of coronary hemodynamics before and after
POBA and CABG.
CONCLUSIONS Together, CFR and FFRmyo provide a useful index for assessing the functional severity of
coronary artery stenosis and myocardial ischemia and estimating the effectiveness of POBA
and CABG in children with KD, the same as they do for adults. (J Am Coll Cardiol 2004;
43:653–61) © 2004 by the American College of Cardiology Foundationa
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(erious complications of Kawasaki disease (KD), including
yocardial ischemia and myocardial infarction, affect the
rognosis of children with coronary artery stenosis caused by
D (1,2). Therefore, early diagnosis of these complications
s very important. However, it is difficult to detect myocar-
ial ischemia and infarction in infants and young children
y using standard methods.
See page 662
Recently, catheter intervention, such as plain old balloon
ngioplasty (POBA), has been used to treat KD patients
ith severe coronary artery stenosis, and the general con-
ensus is that catheter intervention effectively dilates coro-
ary artery stenosis (3,4). Also, coronary artery bypass graft
urgery (CABG) has been used to treat KD patients with
evere coronary stenosis and myocardial ischemia, and
ong-term follow-up studies of CABG have found a high
ypass graft patency and growth of the bypass graft in
ength and diameter (5,6). The best approach is prevention,
.e., intervening before and thereby preventing myocardial
nfarction. The success of such interventional treatments
From the Department of Pediatrics, Nippon Medical School Hospital, Tokyo,
apan.
Manuscript received May 23, 2003; revised manuscript received September 12,
e003, accepted October 11, 2003.nd CABG is primarily dependent on detection of the
ffected coronary artery, the localization of this artery, and
he severity of the stenosis causing myocardial ischemia.
oronary angiography (CAG) is the method most com-
only used to estimate localization and severity of coronary
rtery stenosis. However, there are some disadvantages
hen using CAG to assess the physiologic significance of
ertain dilated or stenotic lesions in the coronary circulation
7,8). Also, in infants and young children, coronary collat-
ral arteries are often found in ischemic myocardium after
D (9,10).
Myocardial fractional flow reserve (FFRmyo) and coronary
ow reserve (CFR) are functional indexes of stenosis sever-
ty that can be derived from values of intra-coronary
ressure and flow velocity obtained during maximal hyper-
mia (8,11–14). Reports indicate that they are very useful
ot only for assessment of functional severity of coronary
rtery stenosis but also for estimation of coronary hemody-
amics after coronary interventions in adults (11,15,16).
ther than our own reports, to the best of our knowledge
here have been no previous articles describing estimation of
he functional severity of coronary artery stenosis and
yocardial ischemia in children by using FFRmyo and CFR
17,18).
In the present study, using FFRmyo and CFR values, westimated cut-off values for detection of myocardial isch-
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Myocardial FFR and CFR in Children with KD February 18, 2004:653–61mia, and we tested the usefulness of FFRmyo and CFR for
ssessment of the functional severity of coronary artery
tenosis and myocardial ischemia and for assessment of the
ffectiveness after POBA and CABG in children with KD.
ETHODS
atients. The study population consisted of 128 patients
98 males and 30 females; mean age 6.6  2.8 years [range
to 15]). All subjects had at least one coronary lesion with
ilation and/or an aneurysm during the acute to convales-
ence stages (estimated by two-dimensional echocardiogra-
hy) in at least one of three coronary branches, and all had
history of KD. The time from onset of KD to the present
xamination ranged from 2 to 158 months. None of the
atients had experienced acute myocardial infarction or
ongestive heart failure. All patients were receiving antico-
gulant therapy consisting of 5 mg/kg per day aspirin and/or
arfarin (Table 1).
After the study and treatment were fully explained,
ritten informed consent was obtained from all patients or
heir parents.
ntravascular ultrasonography (IVUS). An ultrasound
.9F imaging catheter with a 20-MHz transducer and a
rame rate of 10/s (JOMED) was advanced down the
oronary artery over a 0.014-in. (0.035-cm) guide wire. The
VUS images were recorded on compact disk and were used
o determine the diameter and character of the coronary
rteries.
Abbreviations and Acronyms
APV  averaged peak velocity
CABG  coronary artery bypass graft
CAG  coronary angiography
CFR  coronary flow reserve
D  abnormal coronary artery without ischemia
group
FFRmyo  myocardial fractional flow reserve
IS  ischemia group
IVUS  intravascular ultrasonography
KD  Kawasaki disease
LAD  left anterior descending artery
LCx  left circumflex artery
N  normal coronary group
POBA  plain old balloon angioplasty
RCA  right coronary artery
Table 1. Patient Characteristics
Age at Onset
(months)
Time From O
This Test (m
N group 10.9  2.8 12.3  3.
D group 11.4  3.4 20.3  10
IS group 13.3  4.7 25.3  13
Data are expressed as the mean value  SD.
N group  normal-appearing coronary branch group; D
ischemia group; IS group  lesions with coronary stenosis 7
international ratio.est and dobutamine stress technetium-99m tetrofosmin
yocardial scintigraphy. Single-photon emission com-
uted tomography was performed with technetium-99m
etrofosmin in the patient at rest and after dobutamine
nfusion (maximum dose: 30 g/kg/min). Regions of myo-
ardial ischemia were defined by perfusion defects at rest
nd/or extension of defects during dobutamine stress.
rouping of coronary artery branches. We divided the
14 coronary branches into three groups (normal coronary
roup [N], abnormal coronary artery without ischemia
roup [D], and ischemia group [IS]), based on the findings
f CAG, IVUS, and dobutamine stress myocardial scintig-
aphy, as in a previous study of ours (4). Myocardial
schemia was detected by rest and dobutamine stress myo-
ardial scintigraphy. The N group had normal-appearing
oronary branches (n  128 patients with 206 branches: 78
n the left anterior descending artery [LAD], 34 in the left
ircumflex artery [LCx], and 94 in the right coronary artery
RCA]). The D group had lesions with coronary stenosis
75% without myocardial ischemia (n  36 patients with
8 branches: 24 in the LAD; 8 in the LCx; and 26 in the
CA). The IS group had lesions with coronary stenosis
75% and myocardial ischemia (n  34 patients with 50
ranches: 23 in the LAD, 6 in the LCx, and 21 in the
CA).
easurement of coronary flow velocity and calculation of
FR. To measure coronary flow velocity, we used a 0.014-
nch-diameter flexible angioplasty guide wire with a 15-
Hz piezoelectric ultrasound transducer mounted in its tip
FloWire XT, Cardiometrics Inc., Mountain View, Cali-
ornia). The Doppler guide wire was advanced into the
oronary artery and positioned at the distal portion of the
tenotic lesion. Digitized spectral waveforms from five
ardiac cycles were averaged to compute several parameters
f intra-coronary flow velocity, including instantaneous
pectral peak velocity and time-averaged spectral peak
elocity (8,19,20).
Averaged peak velocity (APV) was measured at rest and
fter papaverine hydrochloride infusion through the guiding
atheter. The infusion dose of papaverine hydrochloride was
alculated from the adult dose, as reported by De Bruyne et
l. (21) (LCA, 0.3 mg/kg, with a maximum dose of 12 mg;
CA, 0.2 mg/kg, with a maximum dose of 8 mg). The CFR
as calculated according to the following equation: CFR 
PV after stress/APV at rest (Fig. 1).
to
s) Aspirin Warfarin PT/INR
100% 0%
100% 38.9% 1.7  0.3
100% 100% 1.8  0.2
 lesions with coronary stenosis 75% without myocardial
d myocardial ischemia group; PT/INR  prothrombin timenset
onth
4
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f FFRmyo. Measurements of intra-coronary pressure and
oronary flow were performed simultaneously. We were able
o measure intra-coronary pressure in 128 patients and 272
ranches, which were divided into three groups (N, D, and
S group) according to the criteria described earlier: the N
roup comprised 128 patients and 174 branches (LAD, 68;
Cx, 19; RCA, 87); the D group comprised 36 patients and
1 branches (LAD, 23; LCx, 6; RCA, 22); and the IS group
omprised 34 patients and 47 branches (LAD, 21; LCx, 6;
CA, 20).
Measurement of intra-coronary pressure and calculation
f FFRmyo were performed according to the same method of
ijls et al. (11). A 5F or 6F balloon catheter was placed into
he right atrium for measurement of right atrial pressure
Pv). A 5F or 6F guiding catheter was advanced into the
stium of the coronary artery, and pressure was then
easured (Pa). To measure Pd, we used a 0.014-inch
ressure monitoring wire (PressureWire, Radi Medical
ystems, Uppsala, Sweden). The wire was advanced into the
igure 1. Coronary average peak flow velocities at rest and after hypere
nfero-posterior myocardial ischemia. The averaged peak velocities at rest (
.0.oronary artery, positioned across the stenotic lesion, and ased to measure intra-coronary pressure (Pd). After these
ressure measurements had stabilized, maximum coronary
yperemia was induced by intravenous infusion of papaver-
ne hydrochloride. We calculated FFRmyo from simulta-
eously recorded values of Pa, Pd, and Pv at steady-state
aximum hyperemia, using the following formula (11):
FRmyo  (Pd  Pv)/(Pa  Pv) (Fig. 2).
OBA and CABG. Plain old balloon angioplasty was
erformed in seven patients (age range 1 to 12 years) who
ad coronary aneurysm, severe coronary stenosis, and myo-
ardial ischemia. Before and immediately after POBA,
FRmyo and CFR were calculated using the methods
escribed earlier. About six months after POBA, we again
stimated FFRmyo and CFR.
Coronary artery bypass graft surgery, using intra-thoracic
raft arteries to the LAD, was performed in 13 patients (age
ange 3 to 15 years) who had a giant coronary aneurysm, severe
tenosis in the proximal and distal portions of the aneurysm,
nd/or thrombosis in the aneurysm and myocardial ischemia.
n addition to the standard measurement sites, coronary
n a 10-year-old boy. He had 95% coronary stenosis in segment 2 and
d after hyperemia (B) were equal (11 cm/s), and coronary flow reserve wasmia i
A) anrterial pressure was measured at the orifice of each intra-
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Myocardial FFR and CFR in Children with KD February 18, 2004:653–61horacic artery used as a bypass graft and at the distal portion
f anastomosis between each bypass graft and coronary artery.
tatistics. All results are shown as the mean value  SD.
he APV, CFR, and FFRmyo values were compared among
branches by one-way analysis of variance (Scheffe´
ethod). The CFR and FFRmyo values before and after
OBA or CABG were compared by the paired t test.
The sensitivity and specificity of detection of myocardial
schemia were compared between CFR and FFRmyo values
y using the chi-square test for independence method. A
alue of p  0.05 was considered to indicate statistical
ignificance.
ESULTS
atient reports. These procedures were performed safely
n all subjects. Also, none of the patients who underwent
hese tests had clinical complaints, complications, or side
ffects from dobutamine and papaverine hydrochloride. The
igure 2. Intra-coronary pressure and coronary fractional flow reserve in a 6
etween the aneurysms and myocardial ischemia in the antero-septal region. A
as then measured (Pa). To measure Pd, we used a 0.014-inch pressure mon
tenotic lesion, to measure intra-coronary pressure (Pd). After these pressu
ntravenous infusion of papaverine hydrochloride. In this case, myocardial frac
a, Pd, and Pv (mean right atrial pressure) at steady-state maximum hyperem
FRmyo was 0.65.ime during pressure and flow wire tests was from 10 to 15 bin. In eight patients (10 of 206 branches), the stenosis
ould not be crossed.
veraged peak velocity and CFR. AVERAGED PEAK VE-
OCITY AT REST AND AFTER PAPAVERINE STRESS. The
PV values were significantly lower in the IS group than in the
ther groups. Within each group, there were no significant
ifferences in APV among the three coronary branches. After
apaverine stress, APV values in the IS group were signifi-
antly lower than in the other groups (Table 2).
FR AND ITS CUT-OFF VALUE. In all branches, the CFR
alues were significantly lower in the IS group than in the other
roups. Within each group, there were no significant differ-
nces in CFR values among the three branches (Table 2, Fig.
). Based on these results, 2.0 (less than from the mean value
f group N 2.61 0.29 by more than 2 SD) was defined as the
ut-off value for detection of abnormal CFR in children.
Four patients in group D were positive for myocardial
schemia when 2.0 was used as the cut-off CFR value; they had
old boy. There were two aneurysms at segments 5 and 6 and 90% stenosis
ng catheter was advanced into the ostium of the coronary artery, and pressure
wire. The wire was advanced into the coronary artery, positioned across the
asurements had stabilized, maximum coronary hyperemia was induced by
flow reserve (FFRmyo) was calculated from simultaneously recorded values of
he Pd, Pa, and Pv values were 3 mm Hg, 45 mm Hg, and 68 mm Hg, and-year-
guidi
itoring
re me
tional
ia. Teen diagnosed as negative for myocardial ischemia by exercise
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February 18, 2004:653–61 Myocardial FFR and CFR in Children with KDyocardial scintigraphy. Three of these four patients were
hown, by two-dimensional echocardiography and CAG, to
ave hypokinesia in the left ventricular wall and/or intra-
entricular septal wall, suggesting myocardial ischemia.
yocardial FFR and its cut-off value. In group N, the
FRmyo values were as follows: LAD, 0.93  0.07; LCx,
.91  0.07; and RCA, 0.92  0.08. In group D, the
FRmyo values were as follows: LAD, 0.91  0.08; LCx,
.92  0.08; and RCA, 0.92  0.07. In group IS, the
FRmyo values were as follows: LAD, 0.63  0.07; LCx,
.61  0.08; and RCA, 0.60  0.04. The FFRmyo values
ere significantly lower in the IS group than in the other
roups. Within each group, there were no significant
ifferences among the branches (Fig. 4).
On the basis of these results, 0.75 (less than the mean value
f group N 0.92 0.08 by more than 2 SD) was defined as the
ut-off value for abnormal FFRmyo in children.
There were two false-positive cases in group D when the
ut-off FFRmyo value of 0.75 was used; they were diag-
osed as negative by exercise myocardial scintigraphy. These
wo patients were the same patients who had false-positive
ndings when a cut-off CFR value of 2.0 was used.
ensitivity and specificity of detection of myocardial
schemia by CFR or FFRmyo. We estimated the sensitivity
nd specificity of detection of myocardial ischemia by using
able 2. APV at Rest and After Stress and CFR
APV at Rest APV After Stress CFR
group
LAD 22.3  3.8 58.1  5.4 2.64  0.31
LCx 23.8  5.4 59.8  7.3 2.46  0.26
RCA 24.3  4.0 62.1  8.2 2.56  0.29
group
LAD 20.3  3.2 49.8  4.6 2.46  0.22
LCx 23.1  6.1 59.2  5.2 2.55  0.29
RCA 24.3  4.0 54.9  5.2 2.39  0.31
S group
LAD 11.9  3.2* 12.9  3.8* 1.11  0.28*
LCx 12.3  4.8* 13.1  4.4* 1.08  0.34*
RCA 12.6  4.5* 14.3  4.7* 1.16  0.25*
p  0.05 vs. each branch in N and D groups. Data are expressed as the mean value
SD
APV  averaged peak velocity; CFR  coronary flow reserve; other abbreviations
s in Table 1.
igure 3. The coronary flow reserve (CFR) values in different coronary
rteries in each branch. The error bar shows 1 SD from the mean value. *ps0.05 vs. other branches in the N and D groups.FR or FFRmyo. With a cut-off value of 2.0 for CFR and
.75 for FFRmyo, sensitivity was 94.0% and 95.7% and
pecificity was 98.5% and 99.1%. These values of sensitivity
nd specificity are very high, and those of FFRmyo are
articularly high. Thus, FFRmyo and CFR proved to be very
eliable for detection of myocardial ischemia.
yocardial FFR and CFR before and after POBA or
ABG. PLAIN OLD BALLOON ANGIOPLASTY. We measured
FR and FFRmyo before and after POBA. Pressure and flow
ires mounted with sensors were easily steered in the coronary
rtery through the stenotic portions before and after POBA.
efore POBA, coronary stenosis was 90% (by CAG), and
OBA was performed using a balloon catheter. Values of CFR
nd FFRmyo ranged from 1.0 to 1.23 and 0.58 to 0.65,
espectively. Immediately after POBA, coronary stenosis was
50% in all patients, and CFR and FFRmyo had recovered
rom 1.09 0.21 and 0.62 0.04 to 2.41 0.24 and 0.91
.08, respectively. None of the patients who underwent POBA
ad clinical complaints, and there was no evidence of myocar-
ial ischemia. About six months after POBA, cardiac cathe-
erization was performed, and CFR and FFRmyo were still
pproximately equal to the levels measured immediately after
OBA (Fig. 5).
ABG. Preoperative CFR and FFRmyo were 1.12  0.22
nd 0.59  0.06, respectively; CFR and FFRmyo were
bnormal in all cases. After CABG, patients had no
omplaints, and there were no findings of myocardial
schemia. All FFRmyo values had recovered to a normal
ange (0.92  0.19) at cardiac catheterization, which was
erformed about six months after CABG (Fig. 6).
ISCUSSION
t is very difficult to determine the indications for catheter
ntervention and CABG in children, based on the diagnosis
nd localization of the affected coronary artery, using
igure 4. The myocardial fractional flow reserve (FFRmyo) values in
ifferent coronary arteries in each branch. *p  0.05 vs. other branches in
he N and D groups. D  abnormal coronary artery without ischemia
roup; IS  ischemia group; LAD  left anterior descending artery; LCX
left circumflex artery; N  normal coronary group; RCA  right
oronary artery.tandard methods. Recently, it has been reported that
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Myocardial FFR and CFR in Children with KD February 18, 2004:653–61valuation of coronary hemodynamics using a pressure wire
nd Doppler flow wire is very useful in adult cases (12–16).
In the present study, we evaluated cut-off values of
FRmyo and CFR in children and tested their usefulness for
etermination of the functional severity of coronary artery
tenosis and myocardial ischemia during cardiac catheter-
zation, and we also assessed their usefulness for estimation
f the effectiveness of POBA and CABG.
stimation of functional severity of coronary artery and
ilent myocardial ischemia by CFR and FFRmyo.
oronary flow reserve is a useful index for detection of the
unctional severity of coronary artery stenosis, myocardial
schemia, and the no-reflow phenomenon after coronary
ntervention (22) in adults. The cut-off value of CFR in
dults is 2.0 (12,15,19), but there have been no previous
eports of the cut-off value of CFR in children. In the
resent study, CFR values were significantly lower in the IS
han in the other groups. However, within each group, there
ere no significant differences in CFR values among the
hree branches.
The cut-off value of 2.0 was estimated and is less than the
ean value by 2 SD in normal-appearing coronary vessels;
here were no false-positive or false-negative results. Thus,
igure 5. These averaged peak velocities and coronary flow reserves are of
one with a 3.0-mm-diameter balloon catheter at 10 atm twice. After
ngiography (A), and coronary flow reserve turned to normal (2.3) (B, C
attern.CFR value 2.0 (same as the adult value) was consideredo be an abnormal value in children. When 2.0 was used as
he cut-off CFR value, the sensitivity and specificity for
etection of myocardial ischemia were very high. This
hows that a cut-off CFR value of 2.0 is not only a good
ndex of the functional severity of coronary artery stenosis
ut is also a good parameter for detection of myocardial
schemia in children.
There were four false-positive patients in group D and
wo false-negative patients in group IS when 2.0 was used as
he cut-off CFR value. These four false-positive patients
ad 50% to 75% stenosis of the coronary artery, and all
our of them were under three years of age. Some previous
eports state that use of exercise myocardial scintigraphy for
etection of myocardial ischemia in young children can
roduce false-negative results (23). We determined that
hese three patients had positive myocardial ischemia, which
e detected using a cut-off CFR value of 2.0. Of these three
atients, one underwent POBA and two underwent
ABG. After POBA or CABG, the CAG and two-
imensional echocardiographic findings (hypokinesia in the
eft ventricular wall) returned to normal. However, the other
atient was diagnosed as having a true false-positive case
ecause there were no abnormal findings by another test.
ame patient as in Figure 1 after plain old balloon angioplasty, which was
old balloon angioplasty, there was no significant stenosis on coronary
reover, the flow pattern changed from a disturbed pattern to a pulsatilethe s
plain
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D even when coronary stenosis is 75%.
In adults, previous studies have found a favorable corre-
ation between CFR and thallium-201 myocardial scintig-
aphy (24) and positron emission tomography (25). The
resent results show that CFR determined using a Doppler
ow wire is a very useful index for detection of the
unctional severity of coronary stenosis and myocardial
schemia, not only in adults but also in children.
Myocardial FFR is a lesion-specific index of the func-
ional severity of coronary stenosis, calculated from pressure
easurements during coronary arteriography. In adults, the
ut-off value of FFRmyo is 0.75 (11), but there have been
o reports on FFRmyo in children. The value of FFRmyo was
ignificantly lower in the IS than in the other groups.
ithin each group, there were no significant differences in
FRmyo values among the three branches.
We estimated the cut-off value of FFRmyo for children
n the same way that the cut-off value of CFR was
stimated. A value of FFRmyo of 0.75 (same as adult
alue) was considered an abnormal value in children.
igure 6. Intra-coronary pressures and myocardial fractional flow reserve
onths after coronary artery bypass graft, coronary angiography showed
escending artery. The myocardial fractional flow reserve turned to normaoreover, when 0.75 was used as the cut-off FFRmyo ialue, the sensitivity and specificity for detection of
yocardial ischemia were very high. We believe that
FRmyo 0.75 is not only a good indicator of the
unctional severity of coronary artery stenosis but also a
ood index for the detection of myocardial ischemia in
hildren. Pijls et al. (14) reported that, in identification of
eversible myocardial ischemia, the sensitivity of FFRmyo
as 88% and specificity was 100%.
The present results show that measurement of FFRmyo
uring cardiac catheterization is useful for estimating the
unctional severity of coronary artery stenosis and detecting
yocardial ischemia not only in adults but also in children.
Studies have shown that both pressure- and flow-based
ndexes of flow reserve are functions of stenosis resistance
nd myocardial bed resistance (26). Thus, CFR and FFRmyo
ndicate not only the functional severity of coronary stenosis
ut also myocardial bed resistance, which depends on
actors such as microvascular disease. Moreover, CFR and
FRmyo are less sensitive in the evaluation of the hemody-
amic severity of intermediate coronary lesions (27). Ka-
asaki disease consists of systemic vasculitis and probably
same patient as in Figure 2 after coronary artery bypass graft. About six
tenosis at anastomosis of the left intra-thoracic artery and left anterior
6).of the
no snvolves microvascular disease in the acute phase. It is
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Myocardial FFR and CFR in Children with KD February 18, 2004:653–61ifficult to determine whether a patient has microvascular
isease. In the present study, of the 34 patients who had
bnormal values of FFRmyo and/or CFR, 20 had received
OBA or CABG. After these interventions, myocardial
schemia improved in all cases. In patients with microvas-
ular disease who received POBA or CABG, findings of
yocardial ischemia did not improve after the intervention.
oreover, almost all patients with abnormal values of CFR
nd FFRmyo had severe coronary stenosis. Thus, we con-
luded that FFRmyo and CFR mainly represent the func-
ional severity of coronary artery stenosis in the present
ubjects.
When deciding whether a patient needs cardiac interven-
ion and CABG, during cardiac catheterization, CFR and
FRmyo can be very useful in determining indications for
atheter intervention and CABG, diagnosing the affected
oronary artery and coronary lesion, and selecting the
nterventional methodology.
There were no statistically significant differences in the
etection of myocardial ischemia between CFR and
FRmyo. The latter appears to be slightly superior to CFR
ecause it produced fewer false-negative and false-positive
esults. Moreover, CFR is sensitive to changes in hemody-
amic conditions, whereas FFRmyo is not affected by such
hanges. Thus, FFRmyo, due to its ease and minimal
ariability, is superior to CFR in providing information on
he consequences of an epicardial lesion on perfusion of the
nderlying myocardium (28).
stimation of hemodynamic changes before and after
OBA and CABG by CFR and FFRmyo. Before POBA,
ll seven of these patients had abnormal values of CFR and
FRmyo. After successful POBA, these values returned to
ormal, with improved findings in both CAG performed
mmediately after POBA and exercise myocardial scintig-
aphy performed several months later. Many reports have
tated that, in adults, CFR and FFRmyo are useful for
aking clinical decisions about revascularization procedures
n patients with a significantly stenosed coronary artery
11,14,19,20,29,30). The present results show that, in
hildren, CFR and FFRmyo are reliable indexes for deter-
ining indications for POBA and estimating the effective-
ess of POBA.
Before CABG, we estimated the values of CFR and
FRmyo to determine indications for CABG. All 13 pa-
ients who underwent CABG had abnormal CFR and
FRmyo values before CABG. Both CAG and exercise
yocardial scintigraphy (performed several months later)
howed that FFRmyo returned to normal after CABG.
ecause CABG changed the coronary blood flow pattern
nd native flow through the stenotic coronary artery to the
istal portion of the bypass graft, patients who received
ABG did not undergo Doppler flow velocity measurement
ests. Myocardial FFR was also very useful for confirmation
f improvement of coronary hemodynamics after CABG.
tudy limitations. There are several possible limitations of
easurement of intra-coronary blood flow velocity andlood pressure using a Doppler flow wire (8,19,31) and
oronary pressure wire (11,21,32). In the present study, we
voided measuring blood flow velocity in dilated or tightly
urved portions of a coronary artery, and we attempted to
ecord maximal flow velocity by manipulating the wire tip.
lso, to obtain reliable data for interpretation, the wire must
e positioned adjacent to the stenosis. This requires place-
ent of the guide wire sufficiently distal to the lesion to
void turbulence from flow separation (1.0 to 2.0 cm).
Moreover, taking the problems of measurement of coronary
lood pressure into consideration, we measured intra-coronary
rtery pressure in each coronary branch in which only one
ortion of the stenosis was located in or near the ostia of the
oronary artery (segments 1 to 2, 5 to 7, and 5 to 11).
onclusions. The cut-off values of CFR and FFRmyo for
etection of the functional severity of coronary artery
tenosis and myocardial ischemia in children with KD were
2.0 and 0.75, respectively, which are the same values
btained for adults. Together, CFR and FFRmyo provide a
seful index for assessment of the functional severity of
oronary artery stenosis and myocardial ischemia and esti-
ation of the effectiveness of POBA and CABG in children
ith KD, the same as they do for adults.
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